The finding that the eyes of young chicks recover quickly from form deprivation myopia (FDM) has been interpreted as indirect evidence for active emmetropization. More direct evidence would be the demonstration that correction of FDM with spectacle lenses, thereby removing the defocus signal, prevents recovery. We investigated this issue in eyes with intact and sectioned (ONS) optic nerves. Previous studies suggest that an intact optic nerve is necessary for accurate emmetropization. Seventy day-old male chicks were monocularly deprived using velcro-mounted diffusers, which were removed after 5 -6 days and in some (n= 51), but not all cases, replaced by spectacle lenses (−5, − 10 or − 15 D). Approximately half (n= 34) of the chicks also underwent ONS on day 1. Refractive errors and axial ocular dimensions were measured when the diffusers were first removed and thereafter at 2-4 day intervals over the following 1-2 weeks. In one case, measurements were continued at less regular intervals to 33 days. Lens powers were selected to either approximately correct or under-correct the refractive errors present when the diffusers were removed. Form deprivation in normal chicks produced large myopic shifts in refraction (means for groups range from − 9.20 to −16.07 D). When the deprivation treatment was terminated, the myopia quickly decreased to negligible levels unless optically corrected. Correcting lenses stabilized the myopia to a level consistent with the lens power used. Interocular differences in axial length were consistent with an axial origin to the refractive changes. Results for the ONS groups exhibited similar trends although there was increased variability in the data. The findings support the interpretation that recovery from FDM is a product of active emmetropization. That ONS increased the variability of such responses implies that an intact optic nerve is required for accurate emmetropization.
Introduction
The term, emmetropization, describes the reduction in refractive errors towards zero and is normally used in reference to the refractive changes that occur during early development. At least some of the latter changes represent an optical artifact of normal eye growth (Wallman & Adams, 1987; Wildsoet, 1997) . However, there is accumulating evidence from animal studies for an active emmetropization process, involving visually-guided regulation of eye growth and thereby the refractive state (see review, Wildsoet, 1997) . For example, eyes experiencing form deprivation become myopic, presumably because the degraded retinal image is inadequate to drive emmetropization. Eyes can recover from this myopia, provided the latter treatment is reversed at a sufficiently early age (Wallman & Adams, 1987) . In addition, young chicks are able to compensate for a wide range of imposed focusing errors (lens-induced artificial refractive errors), be they myopic or hyperopic. The net result of the initiated growth changes is that eyes become approximately emmetropic with the lenses in place (Schaeffel, Glasser, & Howland, 1988; Irving, Sivak, & Callender, 1992; Wildsoet & Wallman, 1995; Nevin, Schmid, & Wildsoet, 1998) . When the lenses are removed, the eyes exhibit the opposite refractive error [hyperopia after imposed myopia (positive lenses), myopia after imposed hyperopia (negative lenses)], and readjust their eye growth accordingly.
That eyes emmetropize to imposed focusing errors has potentially important implications for human myopia. Specifically, it raises the possibility that small hyperopic focusing errors resulting from accommodation anomalies, elicit abnormal growth responses and so cause myopia. Such anomalies have been reported in children and young adult progressing myopes (Gwiazda, Thorn, Bauer, & Held, 1993; Abbott, Schmid, & Strang, 1998 ). These findings raise two possible scenarios: (i) that correction of myopia caused by such circumstances will simply re-introduce the focusing error that caused the myopia and thus facilitate its progression; and (ii) that correction of the presumed causative focusing errors with positive lenses for near work will stabilize the refractive state and so minimize myopia progression. The study reported here impinges on the latter possibility.
We used form deprivation to induce refractive errors in young chicks, myopia in this case, and examined the effect of correcting these refractive errors with lenses. Our prediction was that correction of the induced myopia with a negative lens, thereby eliminating the error signal, would prevent recovery, and instead, stabilize it. Studies to-date are equivocal in relation to this question. In an earlier, small scale study involving chicks made myopic by form deprivation, the addition of negative spectacle lenses only temporarily stabilized the refractive state, when at all (Schaeffel & Howland, 1991) . However, a more recent study involving tree shrew observed no recovery in animals in which the induced form deprivation myopia was corrected with negative lenses (McBrien, Gentle, & Cottriall, 1999) . Apart from the species difference between these two studies, the monitoring period was also shorter in the latter case, 5 days versus 7 -12 days.
There has been some speculation that in addition to visual influences on eye growth, there are non-visual shape-driven influences that favor 'normal' ocular dimensions (Schaeffel & Howland, 1991; Edwards, 1992) . When eye growth has been perturbed, as in the case of previously form deprived eyes, such influences may lead to the subsequent normalization of ocular dimensions, i.e. recovery from form deprivation myopia. In the study described here, recovery from form deprivation myopia, despite optical correction, would constitute reasonable evidence for such shape-driven influences on eye growth. Some compensation to imposed or induced focusing errors is possible in the chick, even when the eye is isolated from the brain by optic nerve section, implying that much of the regulation is done within the eye (Troilo & Wallman, 1991; Wildsoet, 1992; Wildsoet & Wallman, 1995) . None-the-less after optic nerve section, eyes recovering from form deprivation myopia tend to overshoot emmetropia (Troilo & Wallman, 1991; Wildsoet, 1992) , and the compensatory responses to focusing errors imposed by lenses are also altered (Wildsoet & Wallman, 1995) . Together, these results suggest that higher processing centers are involved in the fine tuning of refractive errors. We included optic nerve section in the protocols of some experiments with a view to obtaining further insight into the pathways involved in emmetropization.
Some aspects of this work have been previously reported in abstract form .
Methods

Experiments and animals
Four separate experiments made up this study; they are described in detail below and the main details, including animal numbers are also summarized in Table  1 .
Part 1. No surgery
This first study comprised two experiments. In one experiment (A), chicks were initially made myopic by monocular deprivation from day 1 using velcromounted diffusers. The diffusers were removed on day 5 and, for two groups of chicks, were replaced by spectacle lenses which on average, either slightly undercorrected (− 5 D lenses) or approximately corrected (− 10 D lenses) the refractive errors (see Wildsoet & Wallman, 1995 for details of the lens design). The lenses were worn for 6 days. A third (control) group of chicks was left uncorrected over this period. The moni- a Chicks were initially form deprived (FD) to induce myopia and some also underwent optic nerve section surgery (ONS). At the end of the FD treatment, either normal vision was restored (no lens) or lenses were used to partly correct the induced myopia. toring period was extended to 2 weeks in a second experiment (B), to further investigate the stability of refractive errors after their correction. In this case, the chicks were monocularly deprived as in the first experiment and then the experimental eyes were fitted with either − 5 D, − 10 D or −15 D lenses to correct as closely as possible the induced refractive error.
Part 2. Optic ner6e section
This study also included two experiments which were similar in design to those just described in Part 1, except that the experimental eyes also underwent optic nerve section (ONS) surgery on day one (see Wildsoet & Pettigrew, 1988 for description of the procedure). The experimental eyes were deprived immediately after the surgery. In one experiment (A), chicks had their diffusers removed on day 5 and were fitted either with − 5 D or −10 D lenses or left uncorrected. A second experiment (B) using a 6 day period of deprivation was also undertaken; − 5 D and − 15 D lenses were used although some chicks were also left without lenses. Monitoring was extended in this experiment out to day 33, to specifically look for evidence of 'over-shooting' in these ONS eyes. Previously deprived ONS eyes have been reported to overshoot emmetropia to become hyperopic when normal vision is restored (Troilo & Wallman, 1991; Wildsoet, 1992) .
Male Rhode Island Red -Rhode Island White cross chicks (Nelbex-Bond hatchery, Brisbane, Australia) were used in this study. They were raised in a regular cage environment with lighting supplied by daylight fluorescent tubes set to a 12 h light/dark cycle; food and water was provided ad libitum.
Measurements
Refractive errors and axial ocular dimensions were measured immediately after the removal of the diffusers and thereafter at 2-4 day intervals over the period of lens wear. All measurements were made under halothane anesthesia (1-2% in oxygen). Static streak retinoscopy was used to determine refractive errors and A-scan ultrasonography was used to measure the internal axial ocular dimensions. Refractive errors were recorded as the average of results obtained for the two principal meridians. Axial length data represent the sum of all internal dimensions: anterior chamber depth, axial lens thickness, and vitreous chamber depth, measured to the anterior retinal surface. All data are presented as mean interocular differences, i.e. differences between treated and control eyes. To assess the effects of the correcting lenses, the interocular difference data were further analyzed using factorial ANOVAs applied to pre-lens and post-lens final measurements; these data are summarized in Table 2 . The Fisher's PLSD test was applied post hoc in all cases.
All experiments conformed to the ARVO Resolution on the Use of Animals in Research.
Results
Part 1. No surgery
Form deprivation in normal chicks produced large myopic shifts in refraction, and optical correction of these induced errors tended to stabilize them.
In Experiment A, the mean interocular difference in refractive errors (averaged across the three treatment groups) at the end of the deprivation period was − 9.20 D (SD: 3.02 D), with the −5 D group exhibiting a greater difference at this time than the other two groups (ANOVA: P=0.03 overall; P=0.02, Fisher's PLSD post hoc test). This intergroup difference was an incidental outcome resulting from random allocation of the chicks to the three treatment groups. The interocular refractive error differences quickly decreased to be negligible (0.099 2.76 D) after only 2 days for the uncorrected group while in the other two groups, refractive errors stabilized to be approximately compensatory for the correcting lenses used (−6.45 9 1.43 D, − 5 D lens group; − 10.0291.54 D, −10 D lens group; end of monitoring period). For the −5 D lens group, stabilization was preceded by a short recovery phase, reflecting the fact that the refractive errors for this group were generally under-corrected. These differences between the groups are readily apparent in Fig. 1 which shows the mean refractive changes (solid lines) for each group as well as the corresponding data for individual eyes (broken lines), plotted against time for Experiment A. These inter-group differences at the end of the treatment period were also confirmed statistically; they were highly significant (ANOVA: PB 0.0001 overall; PB 0.0005, Fisher's PLSD post hoc test). The trends for individual chicks generally follow the group trends although they show more fluctuations over time and there are outliers in all three groups.
Form deprivation myopia is generally axial in nature, and the axial data from this experiment are consistent with this pattern. Fig. 2 shows these data, plotted as means against time (broken lines); for reference, the mean refractive data from Fig. 1 are superimposed (solid lines). The overall mean interocular difference in axial length at the end of the deprivation period was 0.269 0.11 mm. For the uncorrected group, this interocular difference decreased to become negligible by the end of the lens-wearing period (− 0.019 0.11 mm), while in contrast, the − 10 D lens group recorded an increase (0.419 0.08 mm). The final value for the −5 D lens group lay between these two extremes (0.199 0.10 mm). These inter-group differences are consistent with group rankings in refractive terms and were also statistical significant (ANOVA: PB 0.0001 overall; PB 0.002, Fisher's PLSD post hoc test). In parallel with the early decrease in mean refractive error for the − 5 D group, the interocular difference in axial length also showed an initial decrease.
In Experiment B, the overall mean refractive change at the end of the deprivation period was − 10.89 D (SD: 4.59 D) and here, lens powers were chosen to more closely match the induced myopia. Thus, the individual treatment groups differed significantly from each other at the start of the lens wearing period (ANOVA: PB 0.0001 overall; P B 0.002, Fisher's PLSD post hoc test) and these differences were retained over the lens wearing period. Accordingly, none of the three lens groups (− 5, − 10, −15 D) showed an early recovery phase as described above for the − 5 D lens group. Indeed, the refractive states were relatively stable over the lens-wearing period for all groups although all show a small drift in the direction of increasing myopia over time. Fig. 3 shows these refractive data (solid lines) with the axial length data superimposed (broken lines). Axial length differences present at the start of the lens wearing period were retained in all cases, and indeed, increased significantly over time for the − 15 D lens group (by approximately 100%). An optical explanation for the latter increase is offered in the discussion. The differences between the groups did not reach statistical significance immediately prior to Treated eyes were form derived with diffusers from hatching to day 5 after which they were either allowed normal vision, (and thus to recovery), or the diffusers were replaced with −5 or − 10 D lenses. The lenses had the effect of stabilizing the refractive error differences at values approximately equal to their power. Plots of individual data highlight the inter-animal and temporal variability in the data. Figs. 1 and 2 ). Here also, the changes in interocular axial length differences are in accord with the changes in refractive errors, reflecting their axial nature.
Part 2. Optic ner6e section
Results for the ONS groups were largely similar to those just described except that there was increased variability in the data.
In Experiment A, using − 5 D and − 10 D lenses, the overall mean interocular difference in refractive error at the start of the lens treatment period was − 12.529 4.41 D. The refractive error differences for all three groups then decreased before plateauing (Fig.  4) , at different levels consistent with the imposed lens lens wear, a consequence of the large scatter in the data for the − 5 D lens group (ANOVA: P =0.40). However, the differences in both refractive error and axial length parameters between the groups did reach statistical significance by the end of the lens wearing period, with only the − 5 vs. − 10 D lens group comparison not reaching significance in post hoc analysis (ANOVA: PB 0.001 overall; P B 0.005, −5 vs. − 15 and − 10 vs. −15 D lens groups, Fisher's PLSD post hoc test). Treated eyes 0initially underwent optic nerve section (ONS) and were form deprived with diffusers from hatching to day 5 after which they were either allowed to recovery, or the diffusers were replaced with − 5 or −10 D lenses. The lenses had the effect of stabilizing the refractive error differences at values approximately equal to their power. The variability in the data, (both inter-animal and temporal), tends to be larger than that seen in eyes with intact optic nerves (compare with Fig. 1). equivalent data for the −5 D lens group more closely matched the power of the correcting lens (mean, SD: − 4.909 4.60 D). However, while the refractive errors of some chicks showed early stabilization, others did not (see individual data for − 5 D, − 10 D lens groups; broken lines in Fig. 4) . Thus for both lens groups, the associated standard deviations are large, reflecting this greater variability in the response to the lenses of ONS eyes compared to normal eyes. The smallest standard deviation among the ONS groups was recorded in the 'no lens' group (mean, SD: −0.109 3.77 D). These generally large standard deviations are also reflected in the fact that the differences between the groups just failed to reach significance at the end of the lens wearing period (ANOVA: P= 0.082); the differences between the groups immediately prior to lens wear, were also not significant (ANOVA: P= 0.84). Interocular differences in axial length are in accord with the refractive error data. The 'no lens' group showed a progressive decrease in this parameter over the monitoring period while the two lens groups showed initial decreases before increasing again. In Experiment B, using − 5 D and − 15 D lenses, the overall mean interocular difference in refractive error at the end of the deprivation period was − 16.079 4.51 D, larger than in the above case and reflecting the slightly longer (by 1 day) deprivation period. The mean refractive error difference data are shown along with axial length difference data in Fig. 6 . For the uncorrected group, there is an initial rapid decline in the amount of myopia followed by a slower decline, with treated eyes remaining relatively myopia on day 15 (− 1.909 1.79 D). The − 5 D group showed a similar initial decline, reaching a minimum at day 10 of − 7.04 D after which the refractive errors drifted again in the direction of increasing myopia. The mean difference on day 15 for this group was − 11.65 93.68 D, making them on average over-corrected by approximately 6.5 D at this time point. After day 15, the amount of myopia decreased to be nearly matched with the refractive correction by day 33 (− 6.59 7.16 D). The refractive changes for the − 15 D lens group showed a better matching to the imposed correction than the −5 D lens group up to day 15 when a mean interocular refractive error difference of − 17.289 4.05 D was recorded. Also, the mean residual error was never more than 3 D up to this time. However, by day 33, the −15 D lens group was overcorrected, by approximately 8.5 D (mean interocular difference: −6.65 9 8.63 D). Despite the large amount of scatter in the data, the differences between the groups did reach power. Thus the uncorrected (no lens) group was ultimately least myopic while the − 10 D lens group was most myopic. The mean interocular refractive error difference for the − 10 D group at the end of the monitoring period was −7.67 D (SD: 7.30 D), representing an undershoot of approximately 2.5 D. The statistical significance at the 15 day time point although the two lens groups were not significantly different from each other (ANOVA: P =0.0064; P B 0.02, recovery vs. − 5 and recovery vs. −15 D lens groups, Fisher PLSD post hoc test). Note again, the generally large standard deviations, especially for data collected at the last time point when the groups were no longer significantly different (ANOVA: P =0.60). The difference between the groups just failed to reach significance prior to lens wear (ANOVA: P B 0.057). , which were less than the mean refractive error differences in both case, allowed some initial recovery but both lens groups showed a late drift back towards myopia, resulting in the inverted U-shapes describing these data. Refractive data obtained on day 33 were similar for the two lens groups (means: − 6.5 and −6.65 D, − 5 and − 15 D lenses, respectively) and represent significant undershooting for the −15 D lens group. The changes in interocular axial length differences are again in accord with the changes in refractive errors, reflecting their axial nature. Fig. 5 . Interocular axial length (broken lines) differences for the ONS groups in Fig. 4 , plotted as a function of time (group means + SE); superimposed are the matching refractive error data (solids line and symbols). The changes in interocular axial length differences are in accord with the changes in refractive errors, reflecting their axial nature. They decrease to be minimal for the recovery group, but remain larger in the two lens groups.
Axial length changes are consistent with the patterns of refractive change. The mean interocular difference for the 'no lens' group progressively decreased out to day 15 while both lens groups showed U-shaped curves in accord with the hyperopic then myopic drifts in their refractive errors over the 6-15 day period. The similar-ity in the mean interocular axial length differences of the two lens groups on day 33 (0.14 90.11, 0.12 90.1, −5 D and −15 lens groups, respectively) is in accord with their similar refractive error profiles at this time. Inter-group differences only reached statistical significance on day 15 (ANOVA: P= 0.24, day 6; P = 0.012, day 15; P=0.58, day 33; P B0.04, recovery vs. −5 D and recovery vs. −15 D lens groups on day 15, Fisher PLSD post hoc test).
Discussion
When the eyes of young chicks are form deprived, they show an axial myopia from which they can recover, provided the treatment is terminated at a sufficiently early age. The study reported here investigated the effect of optically correcting myopia induced by form deprivation. Our hypothesis was that the recovery from form deprivation myopia is visually guided and a product of active emmetropization. Thus by optically correcting the induced myopia, and so eliminating the error signal driving emmetropization, we predicted that recovery would be inhibited. We were also interested in the role of higher control centers in emmetropization. To this end, we investigated the effect of optic nerve section, used to isolate the eye from these centers, on the recovery response patterns. Our results support the above hypothesis; when eyes made myopic were left uncorrected, they quickly emmetropized but with negative lenses in place, emmetropization was largely prevented. While changes in refractive error were observed with the lens in place, they were generally small and reflected the initial mismatch between the applied lens power and the induced refractive error. These patterns changed little with optic nerve section although the variability in the data was generally greater, and the refractive errors of individual eyes less stable over time.
How do our results compare with previously reported work? In the most closely related study, Schaeffel and Howland (1991) found little evidence of refractive stabilization with optical correction of induced refractive errors. Only three out of five chicks showed any stabilization with optical correction and it was only transient, while the remaining two chicks showed no stabilization. Overall, all but one of their chicks were within 4 D of emmetropia at the end of the monitoring period. Inhibition of emmetropization would have resulted in refractive errors nearer to − 8 D, equivalent to the power of the correcting lens. Similarly, with induced hyperopia, two out of three chicks corrected with +8 D lenses showed normal recovery. The authors speculated that a non-visual, shape-sensitive mechanism was responsible for these recovery responses, a point taken up in the following discussion.
Are there any differences between the study of Schaeffel and Howland (1991) and the current one that might explain their different outcomes? Similar amounts of myopia were induced in both studies and the lens powers used in our study straddled those used in the cited study. However, in the latter study, the chicks were approximately one week older at each phase of treatment, i.e. form deprivation and optical correction, a different breed, Cornell K-strain rather than Rhode Island Red-Rhode Island White cross, was used, and finally, only our study was restricted to male chicks. In relation to age, there is evidence that myopia develops more slowly in older chicks in response to visual manipulations (Papastergiou, Schmid, Laties, Pendrak, Lin, & Stone, 1998; Wildsoet, Anchong, Mannasse, & Troilo, 1998) . If one can extrapolate from this observation to predict a more generalized slowing down of all ocular responses with increasing age, then the recovery process in older chicks, once initiated (due to under-correction), may require increased time to turn off, thus resulting in 'overshooting' or apparent recovery as in the study of Schaeffel and Howland (1991) . A similar outcome is expected if the sensitivity to defocus were to decrease with age, relative to the presumed sensitivity to non-visual shape-driven influences. It is impossible to distinguish between these two alternatives based on the data. Finally, breed-based and/or genderbased differences in ocular growth patterns have been reported and can not be ruled out here (Troilo, Li, Glasser, & Howland, 1995; Zhu, Lin, Stone, & Laties, 1995; . Indeed, if the relatively flat corneas of the Cornell-K strain (Troilo et al., 1995) translate into a greater capacity of their corneas to flatten during normal development, then any such change during the period of optical correction will lead to recovery, even if the axial changes underlying the induced myopia remain. Also in a study of gender differences involving White-Leghorn chicks , we report slower recovery from form deprivation in males compared to females; the slower rate of recovery of males may favor successful optical intervention as we observed.
That the often described recovery from form deprivation is driven by defocus is supported both by our data and also the work of McBrien et al. (1999) . The latter study involved tree shrews and these workers report that optical correction but not lenses per se [they applied plano (0 D) lenses for comparison], prevented recovery from form deprivation myopia. Other data reported in their study indicate that the scleras of optically corrected myopic eyes retain their 'myopic phenotype'; these eyes had lower than normal dry weights and showed reduced glycoaminoglycan synthesis, just like form deprived myopic eyes. It is also interesting to note that for the tree shrew, the vitreous chamber depth differences which underlie the myopic changes observed, increased rather than stabilized over the 5 day lens wearing period. Similar trends are evident in the data relating to the higher powered lenses (e.g. Fig. 3 , − 15 D lens) used in our study, and can be at least partly explained in optical terms. Specifically, because of the reciprocal relationship between distance and optical vergence, larger eyes (and thus older eyes) require larger dimensional changes to produce the same net change in refractive error (Wallman & Adams, 1987; Wildsoet, 1997) . For the case in point, this means that already myopic eyes would need to grow more than normal to maintain their refractive status.
An issue of interest in our study was the relative importance of local ocular versus central influences on emmetropization. The 'optic nerve section' experiments explored this issue. The overall conclusion that can be drawn from these ONS data is that emmetropization is largely mediated by local processes. Thus the trends for ONS eyes were similar to those seen in eyes with intact optic nerves although there was increased variability in the data. The latter variability may indicate a role for higher centers in the fine-tuning of the refractive state. This interpretation is also consistent with that suggested by a previous study in which lenses were used to impose focusing errors on ONS eyes (Wildsoet & Wallman, 1995) . In that study, emmetropization still occurred, but the responses to hyperopic defocus were reduced. None-the-less, that these altered responses represent a surgical artifact (e.g. related to the release of growth factors or retinal reorganization subsequent to the loss of ganglion cells) is an alternative possibility that can not be ruled out. It is also interesting to speculate on the very late 'recovery' of ONS eyes (see day 33 data, −15 D lens group, Part 2B), despite their continued optical correction. Lens loss became an increasing problem in these older chicks and may have been a contributing factor. Two other possibilities are: (i) that there were on-going changes in the retina that reduced its sensitivity to defocus; and (ii) that the shape-driven influences on eye growth ultimately took over under these sub-optimal conditions.
Is there a unique set-point for emmetropization and is it affected by optic nerve section? The refractive states of both normal and ONS eyes show considerable inter-animal variability at the end of the monitoring period, and there were outliers within each of the groups. As the majority of the eyes showed evidence of stabilization, this raises the possibility that individual eyes have their own refractive set-points. The possibility that ONS surgery alters this set point is supported by previous reports of hyperopia with optic nerve section in otherwise untreated eyes, and of hyperopia rather than emmetropia as the end point of recovery from form deprivation myopia in ONS eyes (Troilo & Wallman, 1991; Wildsoet, 1992; Wildsoet & Wallman, 1995) . Interestingly, while some ONS eyes in the current study overshot emmetropia during recovery to become hyperopic, others appeared to stabilize around emmetropia while still others stayed myopic. The reason for this difference is unclear although it may simply reflect the inherent increased variability in the responses of ONS eyes (compare Figs. 1 and 4) .
Inspection of data for individual eyes reveals fluctuations in refractive errors across the monitoring period (see Figs. 1 and 4) , even after the initial shift in refractive error as required to reduce the residual focusing error with the lenses in place. As the timing of measurements was not strictly controlled, it is possible that some of these fluctuations represent diurnal influences (Nickla, Wallman, & Wildsoet, 1998) . However, it is also possible that they reflect the sensitivity and dynamics of the feedback control system driving emmetropization. These fluctuations had an average amplitude of 2.17 D (SD: 2.16 D) for eyes with intact optic nerves (Part 1, Experiment A), and 2.38 D (SD: 2.31 D) for eyes with sectioned optic nerves (Part 2, Experiment A). In both cases, averages were derived for individual eyes from the absolute changes over second and third measurement time intervals across all groups. 'Reversals' in direction occurred in 68 and 78% of the occasions over these time intervals for normal and ONS eyes, respectively. Fluctuations in accommodative tone from one measurement to another is likely to contribute to this variability, at least for eyes with intact optic nerves. Nonetheless, the possibility that hunting processes are involved in refining the refractive end point can not be ruled out as an alternative interpretation. Such hunting processes in ONS eyes are likely to lead to greater fluctuations if the ganglion cell loss after such surgery is translated into decreased spatial resolution and thus increased depth of focus.
What are the potential clinical implications, if any, of the results of this study? In the case of myopia, the answer to this question is contingent on one's view of its etiology. If juvenile myopia is the product of an emmetropization response to excessive accommodative lag, then correction of it with positive lenses for near work should block this response and hence prevent the development of myopia. On the other hand, correction of the myopia with negative lenses may simply re-introduce the focusing error that caused it. At the opposite end of the spectrum, the current data provide strong argument for conservative prescribing habits for young hyperopes, as early, full correction can be expected to prevent any emmetropization that might otherwise serve to reduce or eliminate it. A further point of interest relates to individual differences in the refractive set-points alluded to above, and the occurrence of outliers in all groups. These data suggest that some eyes, either because of the optical constraints imposed by their own unique combinations of ocular parameters, or because of an anomaly in their emmetropization mechanism, may never be able to achieve and/or maintain true emmetropia (either under natural conditions, or as in this study, with an optical correction in place). That eyes exhibiting myopia at birth are more likely to show myopia in later childhood, could be an expression of the same phenomenon (Pacella, McLellan, Grice, Del Bono, Wiggs & Gwiazda, 1999) .In conclusion, the data indicate that induced refractive errors, in this case by form deprivation, stabilize when optically corrected, even when the young age of the animal would otherwise allow recovery once the inducing stimulus is removed. These data imply that such recovery processes are guided by defocus, and thus likely to be mediated by an active emmetropization process. Finally, while local ocular mechanisms are sufficient for gross regulation of refractive errors, higher centers may be required for refinement of the refractive state.
